The sorption of uranium and thorium from their aqueous solutions by using 8-hydroxyquinoline modified Na-bentonite (HQ-bentonite) was investigated by the batch technique. Na-bentonite and HQ-bentonite were characterized by X-ray fluorescence (XRF), X-ray diffraction (XRD), scanning electron microscopy (SEM), and Fourier Transform Infrared (FTIR) spectroscopy. Factors that influence the sorption of uranium and thorium onto HQ-bentonite such as solution pH, contact time, initial metal ions concentration, HQ-bentonite mass, and temperature were tested. Sorption experiments were expressed by Freundlich and Langmuir isotherms and the sorption results demonstrated that the sorption of uranium and thorium onto HQ-bentonite correlated better with the Langmuir isotherm than the Freundlich isotherm. Kinetics studies showed that the sorption followed the pseudo-second-order kinetic model. Thermodynamic parameters such as ∆H • , ∆S • , and ∆G • indicated that the sorption of uranium and thorium onto HQ-bentonite was endothermic, feasible, spontaneous, and physical in nature. The maximum adsorption capacities of HQ-bentonite were calculated from the Langmuir isotherm at 303 K and were found to be 63.90 and 65.44 for U(VI) and Th(IV) metal ions, respectively.
Introduction
Removal of radioactive and hazardous metal ions from wastewater is a pivotal issue in the treatment of liquid waste because these ions are extremely dangerous to the human health and the environment due to their high chemical toxicity, even at low concentrations and their long half-lives [1] . Exposure to radioactive ions may cause damage to biological systems, such as kidney damage, toxic hepatitis, histopathological system damage, skin corrosion, and even cancer [2] . These radioactive wastes appear in water from processes producing nuclear fuels and from various industrial activities such as nuclear power plants, mining, nuclear weapons, nuclear armament, and laboratories working with radioactive materials [3] . Hazardous pollutants are removed by several techniques such as chromatographic extraction, membrane dialysis, flotation, ion exchange [4] , chemical precipitation [5, 6] , solvent extraction [7, 8] , nanofiltration [9] , biological processes [10] , and adsorption processes [11] . However, most of these techniques are expensive and not efficient in the removal of low metal ion concentrations. Due to the high advantages of adsorption processes like low cost, simple selectivity, high efficiency, easy operation, [12] , and rapid kinetics [13] , it becomes a suitable technique for the removal of hazardous metal ions from wastewater.
Various sorbents have been used for the removal of radioactive metal ions [14] ; among them, clay minerals have received much attention because of their abundance, low cost, and high sorption
Batch Adsorption Experiments
The adsorption of U(VI) and Th(IV) ions onto HQ-bentonite was tested as a function of sorbent mass, solution pH, uranium and thorium ion initial concentrations, contact time, and temperature. In the experiments, HQ-bentonite was suspended in 50 mL solution of uranium and thorium at different experimental conditions and pH range (1-9) ± 0.1 (adjusted with 0.1 mol/L NaOH and 0.1 mol/L HNO 3 ). After equilibrium, the solution was separated from the solid by centrifugation at 4000 rpm for 10 min. Afterward, the residual U(VI) and Th(IV) ions in aqueous solution were analyzed and determined spectrophotometrically using the Arsenazo III method with a spectrophotometer at a maximum wavelength of 650 and 656 nm, respectively, against reagent blank [22] . The difference between the initial and equilibrium concentration was used to calculate the amount of metal ions taken up by the sorbent. The sorption percentage (%), distribution parameter (K d , L/g), and sorption amount (q e , mg/g) of U(VI) and Th(IV) ions adsorbed onto HQ-bentonite were calculated using Equations (1)-(3), respectively.
where, C o and C e are the initial and equilibrium concentrations of metal ions in the solution (mg/L), respectively, V is the volume of the solution (L), m is the mass of dry sorbent in grams, and q e is the adsorption capacity of sorbent (mg/g).
Desorption Studies
Desorption is a reverse process of adsorption from which the target metal ions can be recovered and the spent adsorbent can be regenerated and reused [23] . In this study, different reagents such as NaCl, HNO 3,  and HCl, at different concentrations ranging from 0.05 to 0.25 M, were used as stripping agents for the determination of desorption properties of HQ-bentonite. Masses of 0.1 g of U(VI) and Th(IV) ions loaded HQ-bentonite were placed in 50 mL of the stripping agent under the shaking time of 15 min at room temperature. After the experiment, the eluted adsorbate was filtered and analyzed to estimate U(VI) and Th(IV) ion concentrations. The striping percentage was calculated using Equation (4) .
where C is the concentration (mg/L) of the metal ion in the eluting agent after a proper time and C o (mg/L) is the concentration of the metal ion on the adsorbent material surface (mg/L).
Results and Discussion
3.1. Characterization
Chemical Composition of Na-Bentonite and HQ-Bentonite
The chemical constituents of Na-bentonite and HQ-bentonite (Table 1) indicate the presence of alumina and silica as major components along with traces of magnesium, potassium, iron, titanium, and calcium oxides [12] . The mass percentage of Na 2 O decreased after the modification of Na-bentonite; this indicates that the exchange took place between the 8-hydroxyquinoline and the sodium ions of the Na-bentonite. 
X-ray Diffraction (XRD) Analysis
The XRD pattern of Na-bentonite (Figure 1) demonstrated a d 001 peak at 12.953 Å, whereas that of HQ-bentonite is at 15.857 Å. The expansion in the basal spacing of the Na-bentonite was calculated as 2.904 Å. This indicated an immobilization of the chelating species in the interlayer space of the Na-bentonite [12] . These results are in line with the scanning electron microscopy (SEM) results in this study.
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SEM Images and EDX Analysis
The surface morphology and microstructure of Na-bentonite, HQ-bentonite, and U(VI) and Th(IV) ions loaded HQ-bentonite are shown in Figures 2-4. Results indicated that the surface morphology of Na-bentonite is relatively smoother, and reveals a more spongy appearance with irregular structure than HQ-bentonite. After modification, HQ-bentonite surfaces became swollen and accompanied by a small number of holes. This swelling indicated that 8-hydroxyquinoline intercalated into the inner layers of Na-bentonite. To compare the altering of surface morphology and 
The surface morphology and microstructure of Na-bentonite, HQ-bentonite, and U(VI) and Th(IV) ions loaded HQ-bentonite are shown in Figures 2-4. Results indicated that the surface morphology of Na-bentonite is relatively smoother, and reveals a more spongy appearance with irregular structure than HQ-bentonite. After modification, HQ-bentonite surfaces became swollen and accompanied by a small number of holes. This swelling indicated that 8-hydroxyquinoline intercalated into the inner layers of Na-bentonite. To compare the altering of surface morphology and trace the elemental changes after the adsorption, SEM and EDX micrographs of U(VI) and Th(IV) ions loaded HQ-bentonite (Figures 3 and 4) were measured. After loading with U(VI) and Th(IV) ions, the HQ-bentonite structure was covered with the encaged ions. This provided complementary evidence for the adsorption process.
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(a) (b) Figure 5a -d demonstrates the FT-IR spectra of Na-bentonite, HQ-bentonite, and U(VI) and Th(IV) ions loaded HQ-bentonite, respectively. The figure gives information on the intercalation of the 8-hydroxyquinoline onto the Na-bentonite and the interaction nature of HQ-bentonite with metal ions. Na-bentonite shows (Figure 5a ) an absorption peak at 3620 cm −1 which is attributed to (O-H) stretching vibration of the silanol (Si-OH) group. The strong band at 1000 cm −1 is due to the (Si-O-Si) groups of the tetrahedral sheet. The deep peak at 912 cm −1 shows the stretching vibration of (Al-Al-OH). The band at 798 cm −1 is attributed to quartz in the sample. The stretching vibration band at 693 cm −1 is ascribed to the deformation and bending modes of the Si-O bond. The bands at 466 and 524 cm −1 are attributed to (Si-O-Si) and (Al-O-Si) bending vibrations, respectively. The (C-C) and (C-N) ring stretching (skeletal) vibrations in the HQ-bentonite ( Figure 5b ) are located at 1604, 1500, 1466, 1381, and 1322 cm −1 and the ring bending vibration are obtained at 825 cm −1 but these bands were not observed in the Na-bentonite [12] . This gives acceptable proof for the intercalation of 8-hydroxyquinoline onto Na-bentonite. As shown in Figure 5c ,d after the adsorption of U(VI) and Th(IV) onto HQ-bentonite, the observed shifts were as follow: the (O-H)stretching vibration of the silanol (Si-OH) group was shifted to 3621 cm −1, the (Si-O-Si) band of the tetrahedral sheet was shifted to 1007 cm −1 and the stretching vibration of (Al-Al-OH) was shifted to 913 cm −1 , for both metal ions. The C-C and C-N ring stretching bands were moved to 1380 and 1308 cm −1 for U(VI) and 1738, 1420, 1378, and 1313 cm −1 for Th(IV), whereas, the ring bending vibration was shifted to 817 cm −1 for U(VI) and 800 cm −1 for Th(IV). The deformation and bending bands of the Si-O bond were shifted to 693 and 692 cm −1 for U(VI) and Th(IV), respectively. The bending vibrations band of Si-O-Si was moved to 467 cm −1, whereas, the Al-O-Si was shifted to 527 cm −1 , for both metal ions. These peak shifts indicate the interaction between the metal ions and HQ-bentonite. (Figure 5a ) an absorption peak at 3620 cm −1 which is attributed to (O-H) stretching vibration of the silanol (Si-OH) group. The strong band at 1000 cm −1 is due to the (Si-O-Si) groups of the tetrahedral sheet. The deep peak at 912 cm −1 shows the stretching vibration of (Al-Al-OH). The band at 798 cm −1 is attributed to quartz in the sample. The stretching vibration band at 693 cm −1 is ascribed to the deformation and bending modes of the Si-O bond. The bands at 466 and 524 cm −1 are attributed to (Si-O-Si) and (Al-O-Si) bending vibrations, respectively. The (C-C) and (C-N) ring stretching (skeletal) vibrations in the HQ-bentonite ( Figure 5b ) are located at 1604, 1500, 1466, 1381, and 1322 cm −1 and the ring bending vibration are obtained at 825 cm −1 but these bands were not observed in the Na-bentonite [12] . This gives acceptable proof for the intercalation of 8hydroxyquinoline onto Na-bentonite. As shown in Figure 5c ,d after the adsorption of U(VI) and Th(IV) onto HQ-bentonite, the observed shifts were as follow: the (O-H)stretching vibration of the silanol (Si-OH) group was shifted to 3621 cm −1, the (Si-O-Si) band of the tetrahedral sheet was shifted to 1007 cm −1 and the stretching vibration of (Al-Al-OH) was shifted to 913 cm −1 , for both metal ions. The C-C and C-N ring stretching bands were moved to 1380 and 1308 cm −1 for U(VI) and 1738, 1420, 1378, and 1313 cm −1 for Th(IV), whereas, the ring bending vibration was shifted to 817 cm −1 for U(VI) and 800 cm −1 for Th(IV). The deformation and bending bands of the Si-O bond were shifted to 693 and 692 cm −1 for U(VI) and Th(IV), respectively. The bending vibrations band of Si-O-Si was moved to 467 cm −1, whereas, the Al-O-Si was shifted to 527 cm −1 , for both metal ions. These peak shifts indicate the interaction between the metal ions and HQ-bentonite. Figure 6 shows the influence of shaking time on U(VI) and Th(IV) sorption onto HQ-bentonite. From the figure, it is clear that the uptake percentage of U(VI) and Th(IV) ions increased rapidly with increasing contact time till reaching equilibrium at 15 and 8 min. of shaking for U(VI) and Th(IV), respectively, then remaining constant.
Effect of Contact Time
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Effect of Initial pH
The pH of the aqueous solution is the most important parameter that influences the adsorption of metal ions. The solution pH can alter not only surface binding sites but also surface charge and metal speciation. It was reported that HQ-bentonite has no point of zero charge(pHpzc), and it exhibits negative zeta potential and negative surface charge at pH values ranging from 2 to 9 [12] . Figure 7 shows the effect of initial pH on U(VI) and Th(IV) sorption onto HQ-bentonite. The results illustrate that at high acidity, competition between U(VI) (or Th(IV)) and dominant H3O + ions towards the active adsorption sites took place. This reduced the adsorption efficiency of metal ions. By increasing the pH values, more active sites were exposed to metal ions and hence adsorption efficiency increased reaching maximum at pH 4 for both metal ions.
It should be mentioned that the species distribution in solution for both metal ions varies by varying the pH values. At pH values less than 3, UO2 2+ ions exist as the predominant species [24] . At pH 4, hydrolysis of the uranyl ions commences; where mononuclear [UO2(OH)] + as well as polynuclear species such as [(UO2)2(OH)2] 2+ and [(UO2)3(OH)5] + are formed. The little adsorptive affinity of these species accounts for the decrease in U(VI) removal efficiency at pH values above 4 [25, 26] . Similarly, Th(IV) speciation varies by altering the pH values. At pH values less than 3, Th 4+ ions exist as the major species. At pH values beyond 4, the hydrolysis products as well as the precipitation begin to play a role in the adsorption of Th(IV) [27, 28] ; so, the uptake percentage maintains constancy with increasing pH above 4.0. To avoid precipitation, a solution pH of 3 and 4 for Th(IV) and U(VI) was used for further experiments [3] . 
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Effect of the Initial Concentration of Metal Ions
The influence of the initial concentration of U(VI) and Th(IV) on uptake percentage of HQbentonite is shown in Figure 8 . The results showed a decrease in the uptake percentage by increasing the initial concentration of metal ions. The poor adsorption capacity at high metal ion concentrations is attributed to the increased ratio of sorption quantity of U(VI) and Th(IV) ions on the HQ-bentonite surface to available vacant sites. Figure 9 illustrates the effect of sorbent mass on the adsorption of U(VI) and Th(IV) onto HQbentonite. The results revealed that as the amount of sorbent increased, the sorption of U(VI) and Th(IV) increased due to increasing the number of sorbent particles in the solution which led to the interaction of more metal ions with more binding sites till this became constant at 0.15 g for both metal ions. 
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Effect of Temperature
The effect of temperature on the sorption of U(VI) and Th(IV) metal ions onto HQ-bentonite was studied. As illustrated in Figure 10 with increasing the temperature, the number of reacting moles having excess energy increased, this led to an increase in the uptake percentage of U(VI) and Th(IV) ions, so the sorption rate and the rate of mass transfer of the diffusion was increased 
Comparison of the Sorption Efficiency of HQ-Bentonite with Na-Bentonite
In order to demonstrate the potential enhancements to U(VI) and Th(IV) removal offered by HQbentonite over Na-bentonite, the sorption optimum conditions (0.1 g adsorbent; 100 mg/L metal ion; 50 mL solution; U(VI) (pH 4), Th(IV) (pH 3); shaking time U(IV) (15 min.), Th(IV) (8 min.); 303 K) were tested using Na-bentonite. It was found that the uptake% values decreased from 88% to 14% and from 95% to 19%, for U(VI) and Th(IV), respectively.
Sorption Isotherms
The adsorption isotherm is the relationship between the adsorption capacity and the residual concentration at equilibrium at constant temperature [29] . The adsorption isotherm explains the distribution of the adsorbed molecules between the solid and liquid phases at equilibrium. 
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Comparison of the Sorption Efficiency of HQ-Bentonite with Na-Bentonite
In order to demonstrate the potential enhancements to U(VI) and Th(IV) removal offered by HQ-bentonite over Na-bentonite, the sorption optimum conditions (0.1 g adsorbent; 100 mg/L metal ion; 50 mL solution; U(VI) (pH 4), Th(IV) (pH 3); shaking time U(IV) (15 min.), Th(IV) (8 min.); 303 K) were tested using Na-bentonite. It was found that the uptake% values decreased from 88% to 14% and from 95% to 19%, for U(VI) and Th(IV), respectively.
Sorption Isotherms
The adsorption isotherm is the relationship between the adsorption capacity and the residual concentration at equilibrium at constant temperature [29] . The adsorption isotherm explains the distribution of the adsorbed molecules between the solid and liquid phases at equilibrium. Freundlich and Langmuir isotherms are the most frequently used models for analyzing adsorption equilibrium data.
Freundlich Adsorption Isotherm
The Freundlich isotherm model is suitable for heterogeneous surface energy systems. It postulates that the sorption takes place with a heterogeneous distribution of energetically active sites, where there is interaction among adsorbates on the adsorbent surfaces. The Freundlich equation can be described by the linearized equation (Equation (5)) [12] .
Log q e = log k + 1 n log C e (5) where C e is the equilibrium concentration of adsorbate in solution (mg/L), q e is the equilibrium adsorption capacity (mg/g), k and n are system-specific constants, Log k is an indicator of sorption capacity, and 1/n is a measure of intensity of adsorption. When Log q e is plotted against log C e , the slope and the intercept of the straight line gives 1 n and log k, respectively. Table 2 shows the values of Freundlich isotherm parameters. The deviation from the linearity was estimated from the value of n. If the value of n is equal to unity, this indicates that the sorption process is a chemical process [3] . From Table 2 , the values of n for U (VI) and Th (IV) are above unity. This indicates that the adsorption of U(VI) and Th(IV) on HQ-bentonite is a favorable physical process. The values of the linear correlation coefficient (R 2 ) showed that the Freundlich isotherm model does not fit the sorption of U(VI) and Th (IV) onto HQ-bentonite. 
Langmuir Adsorption Isotherm
The Langmuir model adopts that the uptake of adsorbates takes place on homogeneous surfaces where all the adsorption sites are energetically identical. In addition, only a saturated monolayer of adsorbates is formed with no interaction among them on the plane of the adsorbent surface.
The Langmuir equation can be expressed by the linearized equation (Equation (6)) [12] .
where C e is the equilibrium concentration of adsorbate in solution (mg/L), q e is the equilibrium adsorption capacity (mg/g), Q e (mg/g) is the maximum adsorption capacity, and b (L/mg) is Langmuir constant related to the free energy of sorption. Figure 11 shows the plot of Ce qe versus Ce. The slope and the intercept of the regression line give 1 Qe and 1 b Qe , respectively. Langmuir isotherm parameters with correlation coefficients were evaluated and are presented in Table 2 . The linear form of the plot over the entire concentration indicates the applicability of the Langmuir model to the sorption of U(VI) and Th(IV) onto HQ-bentonite. The Langmuir equilibrium parameter R L is expressed as in Equation (7) [12] .
where C o is the initial concentration of metal ions (mg/L) and b (L/mg) is Langmuir constant related to the free energy of sorption. The value of R L explains the nature of adsorption isotherm to be favorable (0 < R L < 1), unfavorable (R L > 1), linear (R L = 1), or irreversible (R L = 0) [30] . Calculated data reveal that the R L value was found to be 0.039 and 0.0078 for U(VI) and Th(IV) ions, respectively, this indicates that the adsorption of the U(VI) and Th(IV) onto HQ-bentonite is favorable. 
Sorption Kinetics
The adsorption kinetics explains the relationship between the adsorption rate and the adsorption time in the adsorption process; the pseudo-first-order and pseudo-second-order models were used to explain the kinetic characteristic of U(VI) and Th(IV) onto HQ-bentonite. The pseudo-first-order model is expressed as the following equation [31] .
the pseudo-second-order model is described as the following equation [31] . 
where qe and qt (mg/g) are the amount of metal ion adsorbed at equilibrium and time t, respectively, and k1 and k2 are the equilibrium rate constant (min −1 ) of the pseudo-first-order and pseudo-secondorder adsorption, respectively. Using Equation (8), the linear form of log (qe − qt) versus t was plotted. Figure 12 shows the linear plot of t/qt versus t using Equation (9) . Table 3 shows the calculated values of k, qe, Ea, and correlation coefficient (R 2 ) of the pseudo-firstand pseudo-second-order models for U(VI) and Th(IV) ions sorption on HQ-bentonite. The results reveal that the pseudo-second-order kinetic model fits the data for the sorption process since the values of the correlation coefficient (R 2 ) of pseudo-second-order were higher than the value of the pseudo-first-order model. The natural logarithms of the rate constant (K) were used according to the Arrhenius equation to calculate the activation energy of the sorption process. A plot of log k versus 1/t gives a straight line as shown in Figures 13 and 14 . The activation energy for pseudo-first-order 
Log(q e − q t ) = log q e − k 1 t 2.303 (8) the pseudo-second-order model is described as the following equation [31] .
where q e and q t (mg/g) are the amount of metal ion adsorbed at equilibrium and time t, respectively, and k 1 and k 2 are the equilibrium rate constant (min −1 ) of the pseudo-first-order and pseudo-second-order adsorption, respectively. Using Equation (8), the linear form of log (q e − q t ) versus t was plotted. Figure 12 shows the linear plot of t/q t versus t using Equation (9) . Table 3 shows the calculated values of k, q e , E a, and correlation coefficient (R 2 ) of the pseudo-firstand pseudo-second-order models for U(VI) and Th(IV) ions sorption on HQ-bentonite. The results reveal that the pseudo-second-order kinetic model fits the data for the sorption process since the values of the correlation coefficient (R 2 ) of pseudo-second-order were higher than the value of the pseudo-first-order model. The natural logarithms of the rate constant (K) were used according to the Arrhenius equation to calculate the activation energy of the sorption process. A plot of log k versus 1/t gives a straight line as shown in Figures 13 and 14 . The activation energy for pseudo-first-order and pseudo-second-order can be calculated from the slope of the line since the slope is equal to ( −Ea 2.303 R ). The calculated values of activation energy of U(VI) and Th(IV) onto HQ-bentonite were found as 13.7 and 17 kJ/mol for uranium and thorium, respectively (Table 3) , which are within the activation energy range 0-40 kJ/mol, indicating that the adsorption of U(VI) and Th(IV) onto HQ-bentonite is a physical one [30, 32] . and pseudo-second-order can be calculated from the slope of the line since the slope is equal to ( . ). The calculated values of activation energy of U(VI) and Th(IV) onto HQ-bentonite were found as 13.7 and 17 kJ/mol for uranium and thorium, respectively (Table 3) , which are within the activation energy range 0-40 kJ/mol, indicating that the adsorption of U(VI) and Th(IV) onto HQbentonite is a physical one [30, 32] . 
Thermodynamic Parameters
Thermodynamic parameters such as ∆G°, ∆H°, and ∆S° are used to indicate whether the particular adsorption process is physical or chemical, spontaneous or non-spontaneous, and also exothermic or endothermic. Thermodynamic parameters were calculated by using Equations (10) and (11) [31] . (11) where ∆H°, ∆S°, and ∆G° are the standard enthalpy, entropy, and Gibbs free energy (kJ/mol·K), respectively. KD is the distribution coefficient (L/g), T is the absolute temperature (K), and R is the gas constant (8.314 J/mol·K).
The values of enthalpy change (ΔH°) and entropy change (ΔS°) can be calculated from the slope and intercept of the plot of ln KD versus 1/T ( Figure 15 ). On the other hand values of ∆G° at various temperatures were calculated from Equation (11) . The values of ∆H°, ∆S°, and ∆G° are presented in Table 4 . The Gibbs free energy (∆G°) negative values demonstrate that the adsorption process is spontaneous and feasible. The results show that as the temperature increases, ∆G° values become more negative which indicates that the adsorption process becomes more spontaneous and efficient, which favors the adsorption process. The enthalpy (∆H°) positive values imply that the adsorption process is endothermic and physical. The enthalpy positive values are due to metal ions desolvation enthalpy exceeding the sorption enthalpy. The entropy (∆S°) positive values reflect the increase in randomness at the solid-liquid interface and the affinity of HQ-bentonite towards U(VI) and Th(IV). The thermodynamic parameters' values imply that the sorption process is entropy driven. 
Thermodynamic parameters such as ∆G • , ∆H • , and ∆S • are used to indicate whether the particular adsorption process is physical or chemical, spontaneous or non-spontaneous, and also exothermic or endothermic. Thermodynamic parameters were calculated by using Equations (10) and (11) [31] .
where ∆H • , ∆S • , and ∆G • are the standard enthalpy, entropy, and Gibbs free energy (kJ/mol·K), respectively. K D is the distribution coefficient (L/g), T is the absolute temperature (K), and R is the gas constant (8.314 J/mol·K). The values of enthalpy change (∆H • ) and entropy change (∆S • ) can be calculated from the slope and intercept of the plot of ln K D versus 1/T ( Figure 15 ). On the other hand values of ∆G • at various temperatures were calculated from Equation (11) . The values of ∆H • , ∆S • , and ∆G • are presented in Table 4 . The Gibbs free energy (∆G • ) negative values demonstrate that the adsorption process is spontaneous and feasible. The results show that as the temperature increases, ∆G • values become more negative which indicates that the adsorption process becomes more spontaneous and efficient, which favors the adsorption process. The enthalpy (∆H • ) positive values imply that the adsorption process is endothermic and physical. The enthalpy positive values are due to metal ions desolvation enthalpy exceeding the sorption enthalpy. The entropy (∆S • ) positive values reflect the increase in randomness at the solid-liquid interface and the affinity of HQ-bentonite towards U(VI) and Th(IV). The thermodynamic parameters' values imply that the sorption process is entropy driven. 
Desorption Studies
Desorption is one of the most important aspects of the applicability of the adsorbents [33] . It can be seen from Figure 16 that there was a lower stripping percentage using NaCl compared with HCl and HNO3 and that with increasing the concentrations of stripping agents, the stripping percentage increased.
The regenerated HQ-bentonite was reused up to four cycles using 0.25 M HCl or 0.25 M HNO3 ( Figure 17 ). The amount of sorbed or desorbed metal ions almost remained constant throughout the four cycles. The slight decrease in the efficiency of adsorbent might be due to the little amount lost during adsorption-desorption cycles. The obtained results indicated that the adsorption-desorption process onto HQ-bentonite was a reversible process. 
Desorption is one of the most important aspects of the applicability of the adsorbents [33] . It can be seen from Figure 16 that there was a lower stripping percentage using NaCl compared with HCl and HNO 3 and that with increasing the concentrations of stripping agents, the stripping percentage increased. 
The regenerated HQ-bentonite was reused up to four cycles using 0.25 M HCl or 0.25 M HNO3 (Figure 17 ). The amount of sorbed or desorbed metal ions almost remained constant throughout the four cycles. The slight decrease in the efficiency of adsorbent might be due to the little amount lost during adsorption-desorption cycles. The obtained results indicated that the adsorption-desorption process onto HQ-bentonite was a reversible process. Table 5 shows a comparative assessment for adsorption of U(VI) and Th(IV) with other sorbents. The large sorption capacity of HQ-bentonite, relative to other sorbents, reveals the great potential of HQ-bentonite as an alternative sorbent for removal of U (VI) and Th(IV) from their aqueous solutions. Table 5 . Comparison of the maximum sorption capacity of U (VI) and Th (IV) onto HQ-bentonite with various sorbents at room temperature.
Comparison of U(VI) and Th(IV) Sorption Capacity of HQ-bentonite with Other Sorbents
Sorbent
Qmax (mg/g)
Conclusions
In this study, Na-bentonite was modified with 8-hydroxyquinoline. The chemical composition, functional groups, and surface microstructure of Na-bentonite and HQ-bentonite were characterized by X-ray fluorescence (XRF), XRD), FTIR), and SEM. Results indicated that the sorption of U(VI) and Th(IV) ions from their aqueous solutions onto HQ-bentonite was greatly influenced by experimental factors as contact time, solution pH, initial concentration of each ion, dose of adsorbent, and temperature. Equilibrium data were analyzed using Freundlich and Langmuir isotherms, sorption data revealed that the adsorption of U(VI) and Th(IV) onto HQ-bentonite was better fitted to the Langmuir adsorption isotherm than the Freundlich model. It was found that the sorption of U(VI) and Th(IV) onto HQ-bentonite followed pseudo-second-order kinetics with activation energy 13.7 and 17 kJ/mole for U(VI) and Th(IV), respectively. The thermodynamic parameters ∆G°, ∆S°, and ∆H° indicated that the sorption process was spontaneous, feasible, endothermic, and physical in nature. The sorption capacity of Na-bentonite was greatly enhanced by modifying it with 8hydroxyquinoline; the maximum adsorption capacity values were found to be 63.90 and 65.44 mg/g for U(VI) and Th(IV), respectively. The desorption study showed that the HQ-bentonite can be reused Table 5 shows a comparative assessment for adsorption of U(VI) and Th(IV) with other sorbents. The large sorption capacity of HQ-bentonite, relative to other sorbents, reveals the great potential of HQ-bentonite as an alternative sorbent for removal of U (VI) and Th(IV) from their aqueous solutions. 
Comparison of U(VI) and Th(IV) Sorption Capacity of HQ-bentonite with Other Sorbents
Conclusions
In this study, Na-bentonite was modified with 8-hydroxyquinoline. The chemical composition, functional groups, and surface microstructure of Na-bentonite and HQ-bentonite were characterized by X-ray fluorescence (XRF), XRD), FTIR), and SEM. Results indicated that the sorption of U(VI) and Th(IV) ions from their aqueous solutions onto HQ-bentonite was greatly influenced by experimental factors as contact time, solution pH, initial concentration of each ion, dose of adsorbent, and temperature. Equilibrium data were analyzed using Freundlich and Langmuir isotherms, sorption data revealed that the adsorption of U(VI) and Th(IV) onto HQ-bentonite was better fitted to the Langmuir adsorption isotherm than the Freundlich model. It was found that the sorption of U(VI) and Th(IV) onto HQ-bentonite followed pseudo-second-order kinetics with activation energy 13.7 and 17 kJ/mole for U(VI) and Th(IV), respectively. The thermodynamic parameters ∆G • , ∆S • , and ∆H • indicated that the sorption process was spontaneous, feasible, endothermic, and physical in nature. The sorption
